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Abstract 
"In Algeria there are several high-energy geothermal sources up to 150°C medium or low temperatures (between 30°C and 150°C);" 
A significant number is located in the north of Algeria, which are intended for different uses. The main purpose of 
communication is to characterize the thermal springs of Jebel Safia (North East Algeria).  
Three sources (temperature up to 40 ° C) and a drill were inventoried in the region, characterized by fractured formations. 
The fieldwork began in March 2008 and completed in August 2009. They were preceded by visits to field reconnaissance to 
locate the sources that make the object of study.  
The results of chemical analysis performed showed different hydro chemical facies due to clay and limestone formations  
constituting Jebel Safia. 
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1. Objective and method  
Sampling techniques must be applied in a targeted manner based analyses (Thierrin J. & al, 2003).  
The physico-chemical parameters (pH, temperature (° C), conductivity and rate of salinity (TDS) were measured in 
situ by means of field devices with selective probes. 
For water samples for analysis of the major components, they are taken to infinity in new polyethylene bottles, 
previously rinsed with distilled water and corked. The flasks are identified using adhesive labels indicating:  
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x the (unique for the sampling companion) sample number  
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This physic-chemical study is based on a complete analysis of samples at the three sources and borehole that are 
distributed in the Jebel Safia. To reach this objective, three rounds of sampling and analyzes were conducted, the 
first refers to the month of March 2008, the second in May 2008 and the last in August 2009. The physico-chemical 
parameters (pH, temperature (° C), conductivity and rate of salinity (TDS) were measured in situ by means of field 
devices with selective probes (pH meter Mettler Toledo MP 120, conductivity brand HANNA instruments Hi 8633). 
2. Study Area  
Our study area is located in the north-eastern of Algeria between the wilaya of Annaba and Skikda, it belongs to 
the coastal watersheds Constantine center (5582 km ² in area Guigue S. [2]). 
These limestones Jebel Safia (Baudelot S & al) [3]; which are essential to the operation of the cement Hadjar 
Soud. It includes:      
 
x The south side of the mountain range Filfila representing the East extension of the massive Kabylia 
(Durand Delga M & al) [4]. 
x The limestone of mountain Safia located within 59 km of Annaba, 7 km from the cement Hadjar Soud 
and 114 km from Constantine (Feuga B & al) [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. High energy geothermal sources in NE of Algeria. 
 
 
 
 
 
 
 
 
 D. Nechem et al. /  Energy Procedia  50 ( 2014 )  931 – 936 933
3. Result and discussion 
3.1. The physical parameters 
      It is easily measurable and useful for the determination of chemical states of existing pollutants in water 
parameters. Four parameters were studied: the temperature (T ° C), the hydrogen potential (pH), the electrical 
conductivity (EC) and the rate of salinity (TDS). 
  3.1.1. Temperature (T ° C)  
The temperature is a parameter of interest in our study because the hot springs are characterized by a high 
temperature, in fact it plays an important role in the solubility of dissolved salts and chemical activity and also it is 
possible to obtain information on and causing the flow of water. 
 
 Table 1. Sources & drill temperature (March 2008). 
Sources S1 S2 S3 F4 
T(°C) 44.2 41.3 40.5 27.9 
Table 2.  Sources temperature (May 2008) 
Sources S1 S2 S3 F4 
T(°C) 41.1 42.6 40.5 26.6 
 Table 3.  Sources temperature (August  2009) 
Sources S1 S2 S3 F4 
T(°C) 43.5 44.3 41.3 28.2 
 
The temperature of the three sources varies between 40.5 and 44.3 ° C for the three period (March 2008, May 
2008 and August 2009).  It is noted that the temperature of drilling F4 is small contribution to other sources varies 
between 26.6 and 28.2 ° C during the three periods. 
3.1.2. The potential hydrogen (pH) 
The pH of the water is defined by the concentration of ions (H +) contained in the solution. By definition, the pH 
is the decimal log of this total concentration: pH = -log [H+]. 
Pure water is constantly subjected H2O following the dissociation reaction H2O> H + + OH-, H + concentration 
(and in OH -) is 10-7 mol · l-1. Therefore the pH is 7, pH = 7 is neutral pH, if pH> 7, we talk about basic pH, if 
pH <7 is called acidic pH.  
The product (Kw = [H +]. [OH] in which water is 10 -14.2) 
Table  4.  pH value for the period of March 2008 
Sources S1 S2 S3 F4 
pH 7 6.4 6.4 7.1 
Table  5.  pH value for the period of May 2008 
Sources S1 S2 S3 F4 
pH 6.35 6.42 6.7 6.91 
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Table  6. pH value for the period August 2009 
Sources S1 S2 S3 F4 
pH 6.82 6.86 6.94 7.4 
 
For all analyzed water the pH values vary between 6.4 and 7 during the first period (March 2008); 6.42 to 6.91 
for the second period (May 2008) and between 6.82 and 7.4 for the last period (August 2009) 
3.1.3. The electric conductivity (CE) 
Conductivity measuring the capacity of water to conduct current between two electrodes. Most of the dissolved 
solids in the water are in the form of charged ions electron. The conductivity measurements of the amount of 
dissolved salts in water. The conductivity is also dependent on the water temperature, it is more important with 
increasing temperature. 
 
Table 7.  Electric conductivity for the period of March 2008 
Sources S1 S2 S3 F4 
CE (s/cm) 2510 2310 2370 968 
Table 8. Electric conductivity for the period of May 2008 
Sources S1 S2 S3 F4 
CE (s/cm) 2580 2530 2440 872 
Table 9. Electric conductivity for the period August 2009 
Sources S1 S2 S3 F4 
CE (s/cm) 2408 2350 2470 785 
 
Measurement results show that there are high conductivity values in the three sources during the three periods, 
they vary between 2310 and 2580 microseconds / cm, by cons in drilling F4 is noted that the conductivity values are 
small, they vary from 785 to 968 microseconds / cm. 
3.2. Chemical facies thermo mineral sources and drilling F4 
Mineralization of most waters is dominated by eight main ions called ions. The form consists in ionic classes of 
left and right by reacting decreasing quantities of the chemical elements starting with anions and cations order. 
Facies of mineral source 
Table 10.  Chemical Facies of thermo mineral sources (March 2008) 
Sample Number 
ionic classes 
Anions Cations 
S1.1 rCl- rHCO-3 rSO-4 rNO-3 rCa++ rMg++ rNa+ rK+ 
S2.1 rCl- rHCO-3 rSO-4 rNO-3 rCa++ rMg++ rNa+ rK+ 
S3.1 rCl- rHCO-3 rSO-4 rNO-3 rCa++ rNa+ rMg++ rK+ 
 
According to the ionic forms, we note that for the period (March 2008) facies is chlorinated lime, showing the 
geological nature of the ground.  
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Table 11.  Chemical facies of  thermo mineral sources (May 2008) 
Sample Number 
ionic classes 
Anions Cations 
S1.2 rCl- rHCO-3 rSO-4 rNO-3 rCa++ rMg++ rNa+ rK+ 
S2.2 rCl- rHCO-3 rSO-4 rNO-3 rMg++ rCa++ rNa+ rK+ 
S3.2 rHCO-3 rCl- rSO-4 rNO-3 rCa++ rNa+ rMg++  rK+ 
 
According to the ionic forms, we see that the thermo mineral water sources show different water chemistry facies 
of sources S1.2, S2.2 and S3.2 (May 2008) facies are respectively chlorinated calcium, magnesium and chloride-
bicarbonate calcium (table 11). These facies tend to prove purely lithological origins due to clay and limestone 
formations constituting the Djebel Safia. 
 
Table 12. Chemical Facies of thermo mineral sources (August 2009) 
Sample Number 
ionic classes 
Anions Cations 
S1.3 rSO-4 rCl- rHCO-3 rNO-3 rCa++ rMg++ rNa+ rK+ 
S2.3 rSO-4 rCl- rHCO-3 rNO-3 rCa++ rMg++ rNa+ rK+ 
S3.3 rSO-4 rCl- rHCO-3 rNO-3 rCa++ rMg++ rNa+ rK+ 
 
Representing chemical data of thermo mineral water sources shows richest contributions to sulfate anions and 
calcium cations (Table 12) so the dominant facies chemical is calcium sulfate. The dominance of calcium indicates 
that these waters are influenced by the dissolution of carbonate formations. 
3.2. Facies of drilling  F4  
For analysis of water and drilling F4 during the three periods (March 2008, May 2008 and August 2009), the 
chemical sodium bicarbonate facies, this is due to the lithological nature of the ground (limestone and clay) 
(Hannouche M) [6]; (Table 4.) 
                             Table 13.  Chemical Facies drilling during the three periods (March 2008, May 2008 and August 2009) 
Sample Number 
ionic classes 
Anions Cations 
F4.1 rHCO-3 rCl- rNO-3 rSO-4 rNa+rCa++ rMg++ rK+ 
F4.2 rHCO-3 rCl- rNO-3 rSO-4 rNa+rCa++ rMg++ rK+ 
F4.3 rHCO-3 rCl- rSO-4 rNO-3 rNa+rCa++ rMg++ rK+ 
 
Conclusion 
According to the results of the physico -chemical parameters of water sources Jebel Safia, we note that the 
temperature of the three sources varies between 40.5 and 44.3 ° C for the three periods (March 2008, May 2008 and 
August 2009). Against temperature by drilling F4 is low and varies between 26.6 and 28.2 ° C during the three 
periods. There are high values of conductivity in the waters of three sources and for three periods, the levels vary 
between 2310 and 2580 s/cm, we find that water is conductive. By cons in drilling F4 is noted that the conductivity 
values are low and vary from 785 and 968 s/cm.  
       According to the chemical facies identified in the region of Hajar Soud namely chlorinated lime, chloride-
magnesium, calcium bicarbonate and calcium sulfate, it is likely that the origin of these elements is mainly due to 
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the lithology field  (Chaib W) [7];  knowing that it is composed of Numidian clay, sandstone and limestone 
formations. 
             For all analyzed water pH values vary between 6.4 and 7 during the period of March 2009, 6.42 to 6.91 
for the period of May 2009 and between 6.82 and 7.4 for the last time in August 2009. 
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